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Not now: considered an experimental
LECHNEIOTY: SOme 60 systems
st aHefl 1 EUrope
Systems suitable for lakes & rivers
as wWell as estuaries & sea
= High efficiencies achievable

Y m Can also be used for interim or
/ adjunct fish protection measure
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Fish Impingement: Composition
-Mainly pelagics (herrings, smelts)




r,} Plineiples eof Acoustic Guidance
SysTéms . | "

BRSS9 Cies react to

lJrJrlervvrr nd (e.g. from
LEEWIENS; Seismic surveys)

_._ epé\!ﬁ% sounds can be produced
A using electrical or pneumatic
7 transducers



N SIgRaINmUSt e In suitable frequency
[enge

e aja'm & at a level above
Kground sufficient to cause repulsion

 m Hydraulic conditions must be suitable
F/' for fish escape (e.g. approach velocity)



MSTEV] r/—rc. Sound

S, etc.)
| | actions to sound expected to
v vary among spp.
o m Clupeids & salmonids have been most
common target spp.
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t Trials

Doel 3/4, Belgium

Eﬁtuary: Zeeschelde
CW flow: 25.1 m3st
Intake location: offshore

Catch rates(x103): 1,265-

| . 77,0001

o Sprattus spraftus, Clupea. . Main spp(>90%): Sprattus

/ 1 harengus, Meriangius sprattus, Clupea harengus,
merilangus Stizostedion lucioperca
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spring season, Doel,
spread over 4 years

m Transit time from intake
/ \ checked with live fish:
60-80% <1 h
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.)} - Chanc‘r Paily:PG-Mean Catch
WibFSeURE~On" (Student’s t-test)

Systems

Species

Arrangement

- L
All spp. -2.1% (ns)
Sprat +33.1% (ns)
Herring -38.5%
(P<0.05)

Non-swim-  +25.9% (ns)
bladder spp
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»)}’1 | Chianges in DallyiRE-Mean Catch
ERSoUREF@On” (Student’s t-test)

T e B

Species Arrangement Arrangement
1 2

All spp. -2.1% (ns) -55.9% (P<0.05)
Sprat +33.1% (ns) -60.1% (P<0.05)

Herring -38.5% -79.6% (P<0.05)
(P<0.05)

Systems

Non-swim- +25.9% ((ns) -15.6% (ns)
bladder spp
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u Slgpnicant reﬁu tions In
MpIngement achieved using sound
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nd projector arrangements used
amplifiers, 20 sound projectors):

Arrangement 1 Arrangement 2
June '97-Feb’98 Oct '98 ==>



¥
-

g Doe)Seund Projector
D e o)
BEWOUESAaIgement 2

Systems -



=65 50-600 M Sound
"’% Projagidrs s

y ‘:'...’_-_ig'» !




Doel: % Reduction in Fish Catch with
SPA

—e&— Pelagic

» ~ R
o0 ¢

0.0 -

-50.0 -

% Reduction

Arrangement 1 Arrangement 2

4

-100.0 ‘ ‘
11/03/97 24/07/98 06/12/99

Date

19/04/01 01/09/02




0)"

Systems

% Reduction in Fish Catch with
SPA

Doel:

—e&— Pelagic Demersal

? L 4 g = %
o0 o
c
(@) 50.0 - ¢
=
O 4
2 00- * o
()
o 4
-50.0
o\°
Arrangernent 1L Arrangernent 2
_100-0 I T ‘ T
11/03/97 24/07/98 06/12/99 19/04/01 01/09/02

Date



Systems

Doel: % Reduction in Fish Catch with
SPA
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Systems  FEEEEE

eonciusions (1)
-
SPA Acoustic deterrent systems using
suitable low-frequency sound signals are
effective In reducing fish impingement

Effectiveness depends on sensitivity to
sound pressure (swimbladder)

Position of sound projectors is critical
(interference, background noise)
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Gonclusions (2)

BAT for Estuarine Plant? SPA
+Fish Return System

FGS SPA Systems have been
fitted/tested at the following
European estuarine power plants:

eHartlepool (UK)

eGreat Yarmouth (UK)

eShoreham (UK)

eDoel (Belgium)

As well as at >30 freshwater sites.



[terpretation of Recent
Vieasurements of the
Efficiency; of an Acoustic Fish

Jeremy Nedwell
I'Andy Turnpenny,
FIsh Guidance Systems Ltd, UK




Latest results show
consistently=90%0o for
clupeids

SPA, with fish return
option, proved best
solution for Doel.

Fish Return System




DOEIEPEcentage Change in Fish
'} SECHIWILHISPA (Arr. 1 & 2)

Systems

i

k.

Fish Habit Arrangement 1 Arrangement 2

Pelagic -29.2 (ns) -80.3 (P<0.01)

Benthic 47.8 (ns) -24.1 (ns)

A



N 'cl.?ar power
uccessftul, but efficiency

A m owﬁgﬁ possible to use the
' N Information from Doel to design
7 other systems?



EAGIMEErng guestions raised
0y Dggl .

eHow is the percentage efficiency related to
the level and frequency of the sound?

|s it possible to design systems for a given
efficiency?
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Audiogrammes
Sound is loud enough

to cause a reaction

Signal reaction

experiments

PriSM
(acoustic model)

Sound field gives guidance
(directional cue) to fish Transducer type, location

Likely fish behaviour

Biological insight

Reaction leads to desired

Fish pass design

1 consequence (escape) Design codes and

experience
Inlet flow field
Flow modelling

A Above true? Swimming speed
A

;
r ‘ Failure Success

Swimming speed database



m Most fish are
sensitive to sounds
less than 3000Hz

» 105ms1)

The dB,.(Species) Is
the peak pressure
after passing through
the species-specific
audiogram ‘filter”
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(Species)

-
ABR(SpECiEes): frequency dependent
ileiisTuised to weight the sound.

u SUfxe " relates to the fact that the
sound 1s weighted by the hearing
threshc f)f the species.

™~ B For each species this Is derived from
the audiogram
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m Can also
levels



gCy. off Doel system
(Species) level

te -
B C"cr ‘

avels shown here were

Ulated firemrsound pressure levels measured at
ANdNEIEeESsSed using the species audiograms

Modelled dB(Species)
level for Doel system

Dodl system
efficiency

Hartlepool system
efficiency

76 dBp(Limanda limanda)

21% (flatfish results)

16% (flatfish results)

90 dB(Gadus morhua)

50% (roundfish
results)

54% (whiting results)

98 dB(Clupea harengus)

80%

80%

Tablel: Theestimated averagelevel at theinlet vsthe system efficiency
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r( Tentative results for deflection efficiency vs sound level



cy of AFDs for different
ted for in terms of the
ved by the species

ga sound level of 90 dBnt and
Iven species are likely to generate
effective deflection for that species

‘/' oEfficient fish deflection should be achievable for
"~ _ most species, given an adequate sound level
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